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A 21st Century Approach to Reliability	



FLOOPS / FLOODS / FLOORS	


•  Multi-dimensional	


•  P = Process / D = Device / R = Reliability	


•  100% code shared, difference in startup scripts	


•  Scripting capability for PDE’s - Alagator	


•  Commercialized - Synopsys	



–  Sentaurus - Process is based on FLOOPS	


–  Sentaurus – Reliability based on FLOORS	



•  Licensed at over 300 sites world-wide	


–  2008 release, planned 2012 release	


–  Manual is online	
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FLOORS - Numerical Approximations	



•  Discretization	


–  Replace continuous functions w/ piecewise 

linear approximations	


–  Grid Spacing, Time	



•  Linearization	


–  Reduce nonlinear terms using multi-dimension 

Newton’s method	


•  Linear Matrix Problem	



–  Number of PDE’s x number of nodes square	


–  Direct or Indirect Solver	



•  Assembly of Matrix	


–  Calculate the large, linear system	


–  Linear in number of elements	



•  Solution of Matrix	


–  Large Sparse System	


–  Low power of equations n1.5	
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What is Alagator?	



•  Scripting language for PDE’s	


•  Parsed into an expression tree	


•  Assembled using FV / FE techniques	


•  Stored in hierarchical parameter data base	



•  Models are accessible, easily modified	
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What is Alagator?	



•  Example use of operators for diffusion equation	


•  Gauss’s Law is Applied	


•  Fick’s Second Law of Diffusion	



–  ddt(Boron) - 9.0e-16 * grad(Boron) - K * (Boron - Trap)	


–  ∂C(x,t) / ∂t = D ∂2C(x,t) / ∂x2 – k C CT	



Operator	

 Description	



“ddt”	

 Time derivative	



“grad”	

 Spatial derivative	



“sgrad”	

 Scharfetter / Gummel Discretization Operator	



“dot”	

 Returns the dot product of the gradient of two field – electric field in direction 
of current flow	



“elastic”	

 Compute elastic forces - FEM balance	
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Discretization – Current Density	



•  To obtain a closed system of equations, current densities  written as 
function quasi-Fermi levels	



•  Using Boltzmann relations, current density can be written in the familiar 
relationship as the sum of drift and diffusion components	



•  Drift-Diffusion subtracting large numbers is not a good recipe with finite 
precision arithmetic	
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Finite Volume Scharfetter-Gummel (FVSG)	



•  Each PDE is integrated over a control volume A	


•  A is defined by the perpendicular bisectors of mesh elements	


•  PDe integrated using Green’s formula	


•  Current Jn,p evaluated using the Scharfetter-Gummel	


•  Scharfetter Gummel	



–  Assume field and current constant	


–  Solve resulting equation	


–  Jn/q = D ( B(t) ni+ - B(-t) ni- ) / li	



–  t = µ E / D	


–  B(t) = t / (et - 1)  Bernoulli Function	



•  Advantages:	


–  Commonly used “proven” method	


–  Assembly time, each edge assembled once	



•  Disadvantages	


–  Current defined only on edges, not continuous in space	


–  Impact Ionization, Joule Heating more difficult	


–  Works best when grid is aligned with current flow	
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Finite Element Quasi-Fermi (FEQF)	



•  ϕn,p defined at grid nodes	


•  Use shape function in an element	



–   Piecewise linear most common	


–  Can be higher order	



•  Integrate equations and minimize error	



•  Advantages:	


–  Current is a continuous function over each element	


–  Easier to compute Joule Heating, Impact Ionization	


–  Compatible with strain calculations	



•  Disadvantages	


–  Not as stable	


–  Convergence issues	
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Upcoming Talks	


•  Griglione – Calibration / Electrothermal 	


•  Patrick – Mechanics, Calibration, ChemFet	


•  Rowsey – Radiation Effects on Oxides	


•  Horton – Gate Degradation Simulation Example	




